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PREFACE

This revision replaces AMCP 706-134, published originally in 1961,
and all subsequent reprints. Changes introduced by this revision are:

a. A new Chapter 3 that is consistent with DODD 4100.35 and T™
38-703-2, Integrated Logistic Support (ILS) Procedural Guide

b. Addition of par. 27-5, Automotive Diagnostic Test Equipment
Criteria, that provides guidelines which will enhance internal combus-
tion engine powered materiel (ICEPM) maintainability by the use of
automatic test equipment (ATE).

The Engineering Design Handbook Series of the Army Materiel
Command is a coordinated series of handbooks containing basic infor-
mation and fundamental data useful in the design and development of
Army materiel and systems. The Handbooks are authoritative reference
books of practical information and quantitative facts helpful in the
design and development of Army materiel so that it will meet the
tactical and the technical needs of the Armed Forces.

The highly technical nature of modern Army materiel and the nature
of the service required of it, together with imposed or inherent limita-
tions in design choices, have greatly intensified the problem of mainte-
nance. Vital information has been collected from maintenance engineer-
ing experience and research. This information has yielded design prin-
ciples that should be carcfully considered in the design of all Army
materiel and systems to assure the maximum practicable simplicity,
reliability, maintainability and durability. This action must be pursued
with a sense of urgency if the Maintenance Problem is to be dealt
with effectively.

The objective of this handbook, Maintainability Guide for Design, is
to influence design so that equipment can be (1) serviced efficiently
and effectively if servicing is required, and repaired efficiently and
effectively if it should fail, or (2) operable for the period of intended
life without failing and without servicing, if possible. The designer
who considers the technology of maintainability as one of the prime
design considerations can play a vital part in the solution of the
Maintenance Problem, whereas the designer who fails to do this adds
to the intensity of the problem.

This handbook embraces information on the extent and nature of
the Maintenance Problem as it exists today and the principles and
techniques that, if included in future designs, will reduce this problem.
Part One describes the extent of the Maintenance Problem in terms of
the expenditure of money, men, and materiel. Part Two presents
maintainability objectives, principles, and procedures. Part Three de-
scribes the nature of the Maintenance Problem in terms of the condi-
tions under which weapon systems must be operated and maintained,
from the logistical, human, and the environmental points of view. Part
Four deals with design considerations that have gencral applicability to
all types of Army materiel. Design considerations applicable to specific
types of Army materiel are presented in Part Five. Specific references
are listed after chapters or sections. A glossary of maintainability
terms and a bibliography are included near the end of the handbook.
An appendix presents a tabulation of Applicable Military Specifica-
tions, Standards and Publications.
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The basic handbook draft was prepared by Information and Training
Services, F. W. Dodge Company, Division of McGraw-Hill, Inc. under
subcontract to the Engineering Handbook Office of Duke University,
prime contractor to the US Army Materiel Command, for the En-
gineering Design Handbook Series. Some of the material was prepared
originally for an earlier handbook, Muaintenance Guide for Ordnance
Design.

The Engineering Design Handbooks fall into two basic categories,
those approved for release and sale, and those classified for security
reasons. The Army Materiel Command policy is to release these En-
gineering Design Handbooks to other DOD activities and their contrac-
tors and other Government agencies in accordance with current Army
Regulation 70-31, dated 9 September 1966. It will be noted that the
majority of these Handbooks can be obtained from the National Tech-
nical Information Service (NTIS). Procedures for acquiring these Hand-
books follow:

a. Activities within AMC, DOD agencies, and Government agencies
other than DOD having need for the Handbooks should direct their
requests on an official form to:

Commanding Officer
Letterkenny Army Depot
ATTN: AMXLE-ATD

Chambersburg, Pennsylvania 17201
b. Contractors and universities must forward their requests to:

National Technical Information Service
Department of Commerce
Springfield, Virginia 22151
(Requests for classified documents must be sent, with appropriate
"Need to Know'" justification, to Letterkenny Army Depot.)
Comments and suggestions on this Handbook are welcome and
should be addressed to:

Commanding General

US Army Materiel Command
ATTN: AMCRD-TV
Washington, DC 20315
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PART ONE
INTRODUCTION TO THE PROBLEM

CHAPTER 1
THE MAINTENANCE PROBLEM

1-1 GENERAL

The importance of maintainability in equip-
ment design cannot be overemphasized. Tech-
nological advances in' the past 25 years have
had a dramatic and far-reaching impact on
military activities. During World War 11, ra-
dar, the proximity fuze, fire-control computers,
and high-speed tanks were important in our
victory. Since that war, technology has in-
creased the rapidity and range of our commu-
nications, and the precision and power of our
weapons. To realize these potentialities, how-
ever, designers must give greater emphasis than
ever before to those factors that will ensure
that our equipment is reliable and maintainable
in the field.

1-2 SIGNIFICANCE OF THE PROBLEM

Lack of satisfactory reliability and maintain-
ability in military equipment has three serious
effects. First, the success of vital military mis-
sions is jeopardized and the lives of military
and civilian populations are endangered ; for
example, excessive downtime of radar could
cripple our air defense system. Second, support
costs are heavy, imposing a strain on produc-
tion, supply, and storage. The estimate that the
cost of maintenance during the life cycle of a
modern weapon, or weapons system, is in the
order of 3 to 20 times the original cost of the
equipment indicates the magnitude of the up-
keep cost (Ref. 1).Third, many skilled main-
tenance men are needed, imposing a heavy
logistical burden on the armed services. The
shortage, the long training period, and rapid
turnover of such men make this a particularly
acute problem.

The maintenance problem is significant not
only because of the cost in lives and dollars,
but also because of the cost in decreased weap-
on-system effectiveness. A system that is down
for repair for an excessive amount of time is
only part of a system, and it must be supple-
mented by the expensive expedient of a complex
of extra units, support systems, and personnel.
The US Army cannot afford this cost and is
looking to maintainability as one of the means
for alleviating this problem.

1-3 REDUCTION OF THE PROBLEM

Designers of Army materiel must incorporate
qualities of maintainability based on scientifi-
cally developed criteria. Maintainability, as a
science, must provide four fundamental ingredi-
ents (Ref. 2):

(1) Means for scientifically identifying tech-
nical data that will permit the isolation of facts
that have a direct and paramount impact on im-
provement of the combat or operational effec-
tiveness of Army materiel.

(2) A scientific method to measure the quali-
ties of maintainability that are incorporated
into each newly developed item or system of
Army materiel.

(3) A scientific means for rating and evalu-
ating the indistinct concepts of maintainability.

(4) A scientific method of reviewing exist-
ing industrial and Army developments to cor-
rect deficiencies of commercial and Army items
and equipments.

The minimum requirements necessary to
achieve a science of maintainability are:

(1) Maintainability guidelines.

(2) Good maintainability principles.

1-1
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(3) Specifics, when historical background
warrants them.

(4) Simple maintainability measuring meth-
ods which will require the least amount and
complication of work for the design activities
and the contractual review actions.

(5) Controlling methods to insure maintain-
ability is built-in.

(6) Recording methods for future statistical
analyses to check effectiveness of the maintain-
ability actions.

(7) Good communication (feedback) be-
tween maintainability engineer and design en-
gineer.

Major contributions to reducing the main-
tenance problem should be made at the equip-
ment-design level rather than at the level of
maintenance-personnel  training. Designers
must think maintainability and incorporate
their ideas at the design’s inception. Teaching
technicians to deal with countless contingen-
cies, which could have been avoided by better
design, requires prolonged training. Also, ob-
solescence and changes in successive production
models of the same equipment may vitiate much
training before it is completed. Table 1-1shows
the importance of engineering design to the
maintenance of military electronic equipment.

Significant advances have been made in un-
derstanding the nature of the maintainability
probl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>